E2-induced degradation of uterine insulin receptor substrate-2: requirement for an IGF-I-stimulated, proteasome-dependent pathway.
The insulin receptor substrates are docking proteins that bind various receptor tyrosine kinases and signaling proteins. Previous studies have shown that E2 or progesterone can regulate the relative abundance of insulin receptor substrate-1 and -2 in cells and tissues. For instance, uterine insulin receptor substrate-2 was decreased markedly at 24 h after E2 treatment of mice. In the present study we used various in vivo experimental approaches to examine the mechanism by which E2 influences uterine insulin receptor substrate-2 expression. Uterine insulin receptor substrate-2 mRNA levels were diminished after E2 treatment, but this diminution did not account for the total reduction in insulin receptor substrate-2 protein, suggesting that the E2-induced decrease in insulin receptor substrate-2 is not regulated solely at the mRNA level. Cotreatment with progesterone prevented the E2-stimulated reduction in insulin receptor substrate-2 protein at 24 h after hormone exposure. In addition, MG-132 and epoxomicin, inhibitors of proteasomal protease activity, inhibited the E2-induced decrease in uterine insulin receptor substrate-2 protein levels, and this correlated to an increase in uterine protein ubiquitination. Insulin receptor substrate-2 protein was diminished in uteri of E2-treated insulin receptor substrate-1-null mutant mice, but not in E2-treated IGF-I-null mutant mice. Furthermore, E2-induced diminution of uterine insulin receptor substrate-2 protein was only partially inhibited in the presence of wortmannin, a PI3K inhibitor. Collectively, these data suggest that the E2-induced decrease in uterine insulin receptor substrate-2 requires IGF-I signaling, is not dependent solely on insulin receptor substrate-1 and PI3K, and is blocked by progesterone as well as by pharmacological inhibition of proteasomal protease activity. We speculate that the IGF-I-activated IGF-I receptor, in response to E2, directly or indirectly modifies insulin receptor substrate-2, probably through phosphorylation, leading to ubiquitination and subsequent degradation of this docking protein by the proteasome. This degradation could be a regulatory step to inhibit insulin receptor substrate-2-dependent signaling in the uterus.